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Abstract: Aim: This paper aims to explore the practical value of CT signs combined with magnetic resonance imag-
ing with diffusion-weighted imaging (MRI-DWI) and magnetic resonance cholangiopancreatography (MRCP) in the 
differential diagnosis of pancreatic carcinoma and mass-forming pancreatitis. Methods: We carried out a retro-
spective analysis of the imaging data of 61 patients with pancreatic mass lesions who were diagnosed based on 
postoperative pathology in our hospital from May 2013 to May 2020 and analyzed the image diagnostic value of the 
combination of 128-slice CT and 1.5T MRI-DWI. Results: There were no significant differences in the pancreatic duct 
dilatation, the bile duct dilatation, or the peripancreatic and retroperitoneal lymph node enlargement between the 
patients with pancreatic carcinoma and the patients with mass-forming pancreatitis (P > 0.05). Both the incidences 
of lobulation signs and peripancreatic vascular invasion in the patients with pancreatic carcinoma were higher than 
they were in the patients with mass-forming pancreatitis, and the mass calcification, pseudocyst, and pancreatic 
duct stone rates, the net enhanced CT values in the arterial and pancreatic parenchyma phases, and the ADC 
values in pancreatic carcinoma patients were lower than they were in the patients with mass-forming pancreatitis 
(P < 0.05). The pancreatic duct stone and right prerenal fascial thickening rates in the patients with pancreatic 
carcinoma were lower than they were in the patients with mass-forming pancreatitis (P < 0.05). Conclusion: CT 
signs combined with the MRI-DWI technique and MRCP can improve clinical pancreatic cancer diagnostic sensitivity.

Keywords: CT signs, magnetic resonance, magnetic resonance diffusion imaging, pancreatic cancer, mass-form-
ing pancreatitis

Introduction

Mass-forming pancreatitis is a special type of 
chronic pancreatitis, and its main changes 
involve varying degrees of fibrosis accompa-
nied by glandular atrophy. The lesions are mani-
fested by enlargement and accompanied by 
mass formation. The characteristics are similar 
to the imaging findings of pancreatic cancer, so 
the two diseases are often misdiagnosed. As 
their treatment is totally different, it is of great 
clinical significance to have accurate preopera-
tive diagnoses for the patients [1, 2]. Although 
surgical biopsy and needle aspiration biopsy 
are the gold standards for the differential diag-
nosis of pancreatic masses, these procedures 
increase the patients’ risks of infection and 
bleeding [3]. Therefore, non-invasive examina-
tions such as endoscopic ultrasound, CT, and 
MRI are still the first choice for patients. 
Recently, MRI-DWI has gradually showed its 

diagnostic efficiency because of its dispersion 
and dynamic distribution of water molecules. 
The diagnostic value of magnetic resonance 
cholangiopancreatography (MRCP) for the bile 
duct has also gradually been confirmed. MRCP, 
a non-invasive operation that is relatively safe, 
non-invasive, and non-radioactive in its clinical 
application, is easily accepted by patients [4-6].

Previous studies initially showed the value of CT 
signs in the clinical differential diagnosis of 
mass-forming pancreatitis and pancreatic can-
cer; however, a single imaging examination can-
not obtain sufficient sensitivity [7]. Therefore, 
the purpose of this study is to carry out a com-
parative analysis of CT signs combined with 
MRI-DWI and MRCP in the differential diagno-
sis of pancreatic carcinoma and mass-forming 
pancreatitis and to provide theoretical support 
for the early clinical diagnosis of pancreatic 
masses.
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The baseline data and methods

The baseline data

All of the 61 patients with pancreatic mass 
lesions diagnosed through operations and 
pathology in our hospital from May 2013 to 
May 2020 were recruited for this study, includ-
ing those with pancreatic carcinoma (n = 31) 
and mass-forming pancreatitis (n = 30). Incl- 
usion criteria: (1) The pancreatic carcinoma 
and mass-forming pancreatitis lesions are 
located in the head of the pancreas and con-
firmed by pathology. (2) Patients with non-duc-
tal epithelial pancreatic neuroendocrine neo-
plasms. Exclusion criteria: (1) Patients com- 
orbid with other tumors. (2) Patients with men-
tal disorders. (3) Patients with infectious dis-
eases. (4) Patients who were contraindicated 
for MRI and CT. (5) Patients with missing data. 
The study was approved by the institutional eth-
ics committee of The First Affiliated Hospital of 
Chongqing Medical University and was con-
ducted in accordance with the Declaration of 
Helsinki. Written informed consent was 
obtained from all the patients before their par-
ticipation in the study. 

Methods

CT scans: The patients assumed a supine posi-
tion and were scanned with a 28-slice spiral CT 
(Somatom Definition Flash Spiral CT, Siemens), 
from the diaphragmatic dome to the inferior 
margin of the pubic symphysis, the scanning 
parameters were as follows: voltage of 120 kV, 
current of 200 mA, slice thickness of 5 mm, 
layer spacing of 5 mm, and a pitch of 0.8. At the 
same time, we used the scanned raw data to 
perform multiplanar reformatting in the coro-
nal, sagittal, and arbitrary positions. CT 
enhanced scan: 300 mg/mL of iohexol was 
injected through the elbow vein using a high-
pressure syringe, the amounts were 60-100 
mL, and the rate was controlled to 3 mL. The 
patients were scanned in the pancreatic paren-
chymal stage (delay time 35 s), the venous 
phase (delay time 60 s) and the delay period 
(delay time 120 s) with the same range as the 
plain scan.

MRI-DWI scan: A 1.5 T superconducting mag-
netic resonance scanner (GE Healthcare, Wis- 
consin, USA) with an abdominal phased-array 
surface coil was used for the scan. The supine 

position was taken for the routine cross-sec-
tional scans. The patients were examined using 
T1WI, T2WI and DWI, and the scanning param-
eters were as follows: T1WI uses the fast gradi-
ent echo fat compression sequence, TR = 185 
ms, TE = 3.1 ms, layer thickness = 6 mm, layer 
distance = 2 mm. Axial positive and negative 
phase T1 non-pressing sequences with the 
scan parameters were as follows: single breath-
holding TR = 200 ms, TE = 2.2 ms (opposed), 
4.8 ms (in), slice thickness = 6 mm, layer spac-
ing = 1 mm. T2WI uses the breath-triggered fat 
suppression spin echo sequence, and the scan 
parameters were as follows: TR = 6000-7500 
ms, TR = 6000-7500 ms, 86.7 ms, slice thick-
ness = 6 mm, layer spacing = 2 mm. The single-
shot spin echo echo-planar image (SS-SE-EPI) 
sequence was used for DWI, and the respirato-
ry gating technique parameters were as fol-
lows: TR = 6666.7 ms, TE = 69.0 ms, FOV = 42 
cm, matrix = 228X224, layer thickness = 6 mm, 
layer spacing = 2 mm, NEX = 2, using b value = 
0 and 600 s/mm². 

Image post-processing and analysis: The 
scanned data were transmitted to the ADW4.4 
workstation, where a circular region of interest 
(ROI) is used to measure the ADC value (mean 
± standard deviation). If the reference b value is 
too large or too small, it will affect the strength, 
so this study chose b = 600 s/mm². In order to 
locate the lesions accurately on the ADC map, 
T2WI was used as a reference. Pancreatic car-
cinoma and mass-forming pancreatitis ROIs 
should be placed at the largest central level of 
the lesion to avoid including the normal pancre-
atic tissue. The size of the ROIs should be 
adjusted according to each lesion, and atten-
tion should be paid to avoid all blood vessels, 
necrosis, bleeding, cystic degeneration, and 
calcification areas. 

Evaluation indicators

The images were diagnosed and analyzed by 
two senior deputy chief physicians. The obser-
vation indicators were as follows: CT mainly 
includes mass lobulation, calcification, necro-
sis, cysts, pseudocysts, pancreatic duct stones, 
enhanced net CT values, whether the peripher-
al blood vessels are invaded, and whether the 
surrounding tissues are changed. The main 
indicators of MRI-DWI and MRCP were as fol-
lows: the ADC values, the degree of dilatation of 
the main pancreatic duct and the common bile 
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duct, the invasion of the peripheral blood ves-
sels and the concomitant changes in the sur-
rounding tissue. The two types of diseases 
were compared and analyzed.

Statistical processing: SPSS 22.0 statistical 
software was used for the analysis, the mea-
surement data were tested to be in accordance 
with a normal distribution, and they were 
expressed as the mean ± standard deviation  
(
_
x  ± SD). Independent sample t-tests were 

used for the comparisons between the two 
groups, and the number of cases in the enu-
meration data was expressed as a percentage 
[n (%)]. The comparisons were done using chi-
square tests, and a difference was statistically 
significant when P < 0.05.

Results

Comparison of the baseline data between the 
two groups

The results of this study showed that males 
have a high incidence of pancreatic diseases, 
and the incidence of pancreatic carcinoma in 
females is higher than it is in patients with 
mass-forming pancreatitis (X2/t = 6.319, P = 
0.012). The pancreatic carcinoma onset age is 
higher than it is in patients with massive pan-
creatitis, but the incidence of complications 
such as biliary and pancreatic lesions are lower 
than they are in patients with mass-forming 
pancreatitis (X2/t = 3.269, 27.550, 24.754, all 
P < 0.05) (Table 1).

Comparison of the imaging features among 
the patients in the two groups

The mass diameter in the mass-forming pan-
creatitis patients was (3.56±2.05) cm, and the 
mass diameter in the pancreatic carcinoma 
patients was (3.04±1.46) cm, so there was no 
difference between the two groups of patients 
(X2/t = 1.138, P = 0.260). The number of signs 

of lobulation that occurred in the mass-forming 
pancreatitis patients was 4 (12.90%), and in 
the pancreatic carcinoma patients it was 25 
(83.33%), so there was a significant difference 
between the two groups of patients (X2/t = 
30.324, P = 0.001). The incidences of mass 
calcification in the mass-forming pancreatitis 
patients and the pancreatic carcinoma patients 
respectively were 58.06% (18/31) and 3% 
(10/30), and the difference was statistically 
significant (X2/t = 16.120, P = 0.014). The inci-
dences of pancreatic duct dilatation in the two 
groups were 45.38% (15/31) and 16.7% (5/30), 
respectively, with a significant difference (X2/t 
= 16.120, P = 0.014). The incidences of bile 
duct dilatation in the two groups were 70.97% 
(22/31) and 53.33% (16/30), respectively, with 
no significant difference (X2/t = 2.018, P = 
0.155). The enhancement degree in the mass-
forming pancreatitis patients in the arterial and 
portal phases was higher than it was in the 
pancreatic carcinoma patients, and the differ-
ence in the net enhancement CT values was 
statistically significant (X2/t = 5.172, 2.984, P = 
0.001, 0.004). The incidence of peripancreatic 
vascular invasion in the mass-forming pancre-
atitis patients was 70.97% (22/31), and in the 
pancreatic carcinoma patients it was 80%, and 
there was no significant difference (X2/t = 
0.531, P = 0.562). The incidences of enlarged 
peripancreatic and retroperitoneal lymph 
nodes in the two groups were 45.16% (14/31) 
and 70% (21/30), with no significant difference 
(X2/t = 2.769, P = 0.096). The incidences of 
high signals on DWI in the two groups were 
9.68% (3/31) and 53.33% (16/30), with a sig-
nificant difference (X2/t = 11.589, P = 0.001). 
The results of this study showed that there 
were no significant differences in terms of the 
mass diameters, the pancreatic duct dilatation, 
the bile duct dilatation, or the peripancreatic 
and retroperitoneal lymph node enlargement 
rates in the pancreatic carcinoma and mass-
forming pancreatitis patients (P > 0.05). The 

Table 1. Comparison of the baseline data between the two groups (
_
x  ± s)

Groups n Gender  
(male/female)

Average age  
(years)

Biliary disease  
(%)

Pancreatic disease  
(%)

pancreatic cancer 30 21/10 66.03±12.20 5 (16.67) 3 (10.00)
Massive pancreatitis 31 28/2 55.58±12.75 25 (80.65) 22 (70.97)
X2/t 6.319 3.269 27.550 24.754
P 0.012 0.002 0.001 0.001
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incidences of peripancreatic vascular invasion, 
lobulation signs, and necrotic cysts in the 
patients with pancreatic carcinoma were higher 
than they were in the patients with mass-form-
ing pancreatitis. The incidences of calcification, 
pseudocysts, and pancreatic duct stones in the 
patients with pancreatic carcinoma were lower 
than they were in the patients with mass-form-
ing pancreatitis (P < 0.05). In addition, the net 
enhanced CT value, the pancreatic parenchy-
mal phase, and the pancreatic carcinoma ADC 
values were lower than they were in patients 
with mass-forming pancreatitis (P < 0.05). 
Finally, the rates of pancreatic duct stones and 
right prerenal fascia thickening in patients with 
pancreatic carcinoma were lower than they 
were in the patients with mass-forming pancre-
atitis (P < 0.05) (Table 2; Figures 1-4).

The diagnostic value of CT signs, MRI-DWI, 
MRCP and the combination of the three for 
pancreatic cancer

Based on the above results, peripancreatic 
vascular invasion, mass calcification, pseudo-

cysts, pancreatic duct stones, the value of net 
enhanced CT in the arterial phase and the pan-
creatic parenchyma phase were selected as 
the CT signs of pancreatic masses, and the 
signs of lobulation, necrosis, high DWI signals, 
and low ADC values were selected as the main 
MRI-DWI, MRCP for pancreatic cancer. The 
results show that CT signs combined with MRI-
DWI, MRCP can improve the diagnostic sensi-
tivity for pancreatic cancer (Table 3).

The value of CT signs, MRI-DWI, MRCP, and 
their combined detection in the diagnosis of 
pancreatic cancer: The sensitivity and specific-
ity of CT sign detection were 70.0% (21/30)  
and 70.0% (21/30), respectively. The sensitivi-
ty and specificity of MRI-DWI, MRCP were 
78.5% (22/28) and 73.1% (22/30), respective-
ly. The combined detection sensitivity of the 
two is 80% (24/30), and the specificity is 57.1% 
(24/42). The sensitivity of CT signs combined 
with MRI-DWI, MRCP was higher than it was for 
the single diagnosis (X2-14.778-MRI 0.000), 
thereby improving the clinical differential diag-
nostic ability (Figure 5).

Table 2. Comparison of the imaging features between the patients with pancreatic carcinoma and 
mass-forming pancreatitis (

_
x  ± s)

Imaging features Mass-forming  
pancreatitis (n = 31)

Pancreatic  
carcinoma (n = 30) X2/t P

Mass diameter (cm) (3.56±2.05) (3.04±1.46) 1.138 0.260
Sign of lobulation (%) 4 (12.90) 25 (83.33) 30.324 0.001
Mass calcification (%) 18 (58.06) 3 (10.00) 15.602 0.001
    En plaque (n) 5 0
    Nodosity (n) 3 2
    Mixed type (n) 10 1
Necrosis, cystic (%) 9 (29.03) 18 (60.00) 5.926 0.015
Pseudocyst (%) 18 (58.06) 3 (10.00) 15.602 0.001
Pancreatic duct stones (%) 15 (48.38) 5 (16.7) 16.120 0.014
Enhanced net increase CT value (HU)
    Arterial phase 24.45±9.80 13.90±5.45 5.172 0.001
    Pancreatic parenchymal phase (portal venous phase) 45.40±14.55 35.80±10.10 2.984 0.004
High signal on DWI (%) 3 (9.68) 16 (53.33) 11.589 0.001
ADC value 1.35±0.12 1.00±0.10 12.350 0.001
Pancreatic duct dilation (%) 20 (64.52) 20 (66.67) 0.031 0.860
    Uniform expansion (n) 3 18
    Beaded expansion (n) 17 2
Pancreatic duct stones (%) 17 (54.84) 5 (16.67) 16.497 0.001
Bile duct dilation (%) 22 (70.97) 16 (53.33) 2.018 0.155
Right prerenal fascia thickening (%) 25 (80.65) 4 (13.33) 27.698 0.001
Peripancreatic vascular invasion (%) 22 (70.97) 24 (80) 0.531 0.562
Enlarged peripancreatic and retroperitoneal lymph nodes (%) 14 (45.16) 21 (70.00) 2.769 0.096
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Discussion

In our study, we found that 
peripancreatic vascular inva-
sion, mass calcification, pseu-
docysts, pancreatic duct st- 
ones, and the values of net 
enhanced CT in arterial phase 
and pancreatic parenchyma 
phase were selected as the CT 
signs of pancreatic masses, 
and the signs of lobulation, 
necrosis, high DWI signals, and 
low ADC values were selected 
as the main MRI-DWI, MRCP 
for pancreatic cancer. More- 
over, the study confirmed that 
the calcification and cystic 
signs of CT are the imaging 
manifestations of pancreatic 
masses. Necrosis, high DWI 
signals, and low ADC values 
are the diagnostic effects of 

Figure 1. Enhanced CT of pancreatic cancer. The patient was diagnosed with pancreatic cancer. The pancreatic 
head was locally enlarged, the outline was irregular, and the density was uneven. The intrahepatic bile duct is dilat-
ed (black arrow). After the enhancement scanning, the pancreatic tissue was significantly enhanced in the arterial 
phase, but weak enhancement was seen in the location of the mass (white arrow). Note: CT: computed tomography.

Figure 2. Enhanced CT of mass-forming pancreatitis. The patient was diagnosed with mass pancreatitis. The pan-
creatic head was enlarged and deformed, the edge of the pancreatic was unclear, and the cystic area (white arrow) 
and multiple nodular calcifications (white circle) could be seen in the mass area, along with an uneven enhance-
ment of the mass in the arterial phase, and a significant dilatation of the main pancreatic duct (black arrow). Note: 
CT: computed tomography.

Figure 3. MRI-DWI of pancreatic cancer. The patient had a pancreatic car-
cinoma of the head of the pancreas, with uneven signal intensity and an 
unclear boundary. DWI showed high signals, and long T1 and T2 signal 
masses appeared with the head of the pancreas (white arrow). Note: MRI-
DWI: magnetic resonance imaging with diffusion-weighted imaging.
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pancreatic cancer, and the diagnostic efficien-
cy was analyzed. The results showed that CT 
signs combined with MRI-DWI. MRCP can 
improve the diagnostic sensitivity for pancreat-
ic cancer.

Pancreatic carcinoma and mass-forming pan-
creatitis have poor specificities in the clinical 
features, the pathological basis between them 
is very similar, and the rate of misdiagnosis of 
benign masses is as high as 10%. The surgical 
exploration of pancreatic fibrous tissue hyper-
plasia and cancerous invasion caused by pan-
creatitis is more difficult [8, 9]. There was no 
significant difference in the clinical and biologi-
cal indexes between carcinoma of the head of 
pancreas and mass-forming pancreatitis (P > 
0.05). The main clinical manifestations of the 
patients include chronic abdominal pain accom-

distributed in the mass and the head of the 
pancreas, and it is often multiple in number 
and large in size. Currently, it has not been 
found in pancreatic cancer, but the number of 
cystic lesions in the mass and the imaging fea-
tures can be used as the basis for a differential 
diagnosis of pancreatic cancer and mass-form-
ing pancreatitis. This study also confirmed that 
calcification and cystic CT signs are also clini-
cally sensitive, which is consistent with previ-
ous studies [14, 15]. 

Studies have shown that DWI has an important 
value in the diagnosis of cancer. DWI can effec-
tively reflect the irregular thermal movement of 
water molecules in tissue, and it is closely relat-
ed to the density of tissue cells [16, 17]. In the 
solid part of the tumor, the ADC value is 
increased along with the cell density and the 

Table 3. Comparison of the positive rate of clinical diagnosis with 
CT signs combined with 1.5T MRI-DWI, MRCP

Diagnostic index
CT sign MRI-DWI, 

MRCP
CT sign with 

MRI-DWI, MRCP
+ - + - + -

Pancreatic mass group (n) 9 22 6 25 18 13
Pancreatic carcinoma group (n) 21 9 22 8 24 6
Note: CT: computed tomography; MRI-DWI: magnetic resonance imaging diffusion 
weighted imaging; MRCP: magnetic resonance cholangiopancreatography.

Figure 4. MRI-DWI of mass-forming pancreatitis. The patient was a mass 
type of pancreatitis with multiple cystic lesions (black arrow) in the head 
of the pancreas, dilatation of the main pancreatic duct (short white arrow) 
and slightly high signal on DWI (long white arrow). Note: MRI-DWI: magnetic 
resonance imaging with diffusion-weighted imaging.

panied by obstructive jaundice 
and a decreased body mass. 
Therefore, it is of great signifi-
cance for patients to differenti-
ate among pancreatic masses 
in the clinic [10, 11].

Previous studies have con-
firmed that mass-forming pan-
creatitis is characterized by  
diffuse calcification, a distur- 
bance of the endocrine func-
tions, which result in calcium 
salt deposition, pancreatic cal-
cification, and pancreatic duct 
stone formation. On the other 
hand, most of the pancreatic 
cancer showed no calcification 
and less calcification, and it is 
often distributed in the necrot-
ic area in the center of the 
mass. Therefore, preliminary 
differentiation can be achieved 
by an imaging observation of 
the calcification in the mass 
[12, 13]. The cystic change is 
also a common difference 
between the two imaging mani-
festations. Pancreatic carcino-
ma has more cysts and un- 
even wall thicknesses, uneven 
inner edges, and smooth inner 
edges of mass-forming pancre-
atitis. The pseudocyst of mass-
forming pancreatitis is mainly 
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diffusion disorders in the cell, so the activity of 
the water molecules in the cell is limited, and 
the ADC value decreased [18]. The signal inten-
sity of pancreatic carcinoma lesions decreased 
in varying degrees, which lead to an increase in 
the contrast of lesions and pancreatic paren-
chyma and the significance of the manifesta-
tion of the pancreatic lesions. It plays an impor-
tant auxiliary role in the qualitative diagnosis of 
the lesions. Therefore, the contrast between 
the high signal intensity of pancreatic carcino-
ma and the low signal intensity of mass-forming 
pancreatitis plays an important role in the dif-
ferential diagnosis of pancreatic cancer and 
mass-forming pancreatitis [19]. Finally, necro-
sis is also an important manifestation. Our 
results demonstrated that along with the high 
ADC values, necrosis has a higher diagnostic 
sensitivity than CT, which supports the previous 
research [20]. Last but not least, the results of 
this study show that the combination of CT and 
MRI-DWI, MRCP can further improve the sensi-
tivity of the clinical diagnosis of pancreatic car-
cinoma, which is higher than the single diag-
nostic method of pancreatic carcinoma. 

However, there are several limitations to our 
research. The cohort of the patients with mass-

the imaging findings between the two kinds of 
pancreatic cancer and pancreatic masses in 
this study, such as the lobulation signs. In  
addition, the determination of the ADC values 
in this study is of great significance to further 
improving the clinical diagnostic value of the 
imaging.
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